Stroke is a sexually dimorphic disease with male gender considered a disadvantage in terms of risk and disease outcome. In intact males, stroke induces peripheral immunosuppression, characterized by decreased splenocyte numbers and proliferation and altered percentages of viable T, B, and CD11b + cells.
a b s t r a c t
Stroke is a sexually dimorphic disease with male gender considered a disadvantage in terms of risk and disease outcome. In intact males, stroke induces peripheral immunosuppression, characterized by decreased splenocyte numbers and proliferation and altered percentages of viable T, B, and CD11b + cells.
To investigate whether the potent androgen and known immunomodulator, dihydrotestosterone (DHT), exacerbates post-stroke immunosuppression in castrated male mice after focal stroke, we evaluated the effect of middle cerebral artery occlusion (MCAO) on peripheral and central nervous system (CNS) immune responses in castrated mice with or without controlled levels of DHT. MCAO reduced spleen cell numbers in both groups, but altered T cell and B cell percentages in remaining splenocytes and concomitantly increased the percentage of CD11b + blood cells solely in DHT-replaced animals at 24 h. Furthermore, DHT-replacement reduced splenocyte proliferation which was accompanied by an increased percentage of immunosuppressive regulatory T cells relative to castrates 96 h post-MCAO. In brain, the percentages of immune cell populations in the ischemic hemisphere relative to the non-ischemic hemisphere were similar between castrated and DHT-replaced mice after MCAO. These data suggest DHT modulates peripheral immunosuppression after MCAO but with relatively little effect on early immune response of the recovering CNS. Ó 2011 Elsevier Inc. All rights reserved.
Introduction
Male sex is considered a risk factor for stroke. Stroke occurs more frequently in men than women (Giroud et al., 1991) and outcomes after experimental stroke are worse in male animals relative to females (Herson et al., 2009) . Although most studies have focused on brain outcome, it is becoming increasingly clear that stroke induces profound effects on the peripheral immune system (Dirnagl et al., 2007; Meisel et al., 2005) . For example, male mice demonstrate initial activation (6-24 h) (Offner et al., 2006a) followed by suppression (96 h) of the peripheral immune system after MCAO, as evidenced by profound reduction of spleen size, splenocyte numbers and proliferative response to mitogens (Offner et al., 2006b; Vendrame et al., 2006) . Of the remaining viable splenocytes, T cell abundance is curiously increased, including immunosuppressive regulatory T cells (Treg), while B lymphocytes are decreased (Liesz et al., 2009a; Offner et al., 2006b) . In blood, CD11b + cells are greatly increased (Offner et al., 2006b ). These abnormalities are important, because post-stroke immunosuppression in humans and animals results in high frequency of pneumonia and septicemia (Chamorro et al., 2007; Dirnagl et al., 2007; Liesz et al., 2009a; Meisel et al., 2005) . Furthermore, the importance of understanding contributors to peripheral immune suppression after stroke is highlighted by the fact that fatal infection is the most common cause of death in humans who have survived the initial stroke (Chamorro et al., 2007; Dirnagl et al., 2007; Meisel et al., 2005) . Peripheral immunosuppression is the proximate mediator of increased risk for pneumonia and septicemia post-stroke. Mice develop spontaneous pneumonia and septicemia within days after focal cerebral ischemia in parallel with the downregulation of the innate and adaptive immunity (Dirnagl et al., 2007) . Animals that suffer from severe leukocyte depression show bacterial growth in blood cultures and in lung homogenates (Liesz et al., 2009a) . Likewise, Prass et al. (Prass et al., 2003) observed decreased monocyte and T cell activation in animals that developed spontaneous bacterial infections after stroke. T cells are crucial in combating bacterial infection and adoptive transfer of T cells from wild-type mice but not IFNc deficient mice inhibits stroke-induced bacterial infections demonstrating a link between cell-mediated immune response and increased susceptibility to bacterial infection.
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